Introduction: Alzheimer disease (AD) causes progressive cognitive decline leading to loss of independence for activities of daily living; rivastigmine is one of the drugs used for symptomatic management.
Introduction
Alzheimer disease (AD) is currently the most frequent cause of dementia. It is characterised by cognitive disorders that progressively lead to impairment of other mental functions, inability to perform activities of daily living, and psychological and behavioural symptoms. 1, 2 Specific pharmacological management of AD is only symptomatic, and treatments include the cholinesterase inhibitors rivastigmine, galantamine, and donepezil (prescribed in cases of mild to moderately severe AD), and memantine (indicated for moderate to severe AD). Rivastigmine improves cognitive and functional state in AD patients and decreases their psychological and behavioural symptoms. [3] [4] [5] [6] Rivastigmine was initially marketed for oral delivery (capsules and solution) and more recently for transdermal delivery (patches). The mean drug exposure time is similar for both routes of administration. Drug plasma levels during 24 hours for oral rivastigmine (OR) show spikes every 12 hours, while transdermal rivastigmine (TDR) shows more sustained delivery. 7, 8 This may offer certain advantages in normal clinical practice.
TDR has been shown to have good efficacy, safety, and tolerance, 9, 10 with no differences in efficacy between oral and transdermal routes of administration. However, gastrointestinal disorders have been more frequently observed with OR treatment, with nausea and vomiting being 3 times more frequent than with TDR. 11 Researchers conclude that tolerability is greater for TDR than for OR.
Drug compliance is fundamental to achieving effective treatment, especially when managing chronic diseases. One of the best strategies for optimising treatment compliance is to simplify drug regimens by using more comfortable administration routes or decreasing the number of doses per day, especially in dementia patients and the elderly. 12, 13 Transdermal administration may favour treatment compliance in diseases such as AD in which carers have to monitor treatment because of the patient's cognitive deficits and neuropsychiatric disorders. 14 Although TDR offers theoretical advantages, few data show that these advantages have an effect on normal clinical practice. The current study presents information on the therapeutic management of patients treated with rivastigmine (oral or transdermal) by analysing dose adjustment methods, treatment compliance, and carers' satisfaction with treatment.
Patients and methods
This cross-sectional multi-centre observational study was carried out in neurology, psychiatry, and geriatric medicine outpatient clinics across Spain. Each researcher had the task of including 10 consecutive outpatients, of either sex and aged 18 or older, with a diagnosis of mild to moderately severe AD according to DSM-IV-TR 15 (Mini Mental State Examination by Folstein ≥ 10) . 16 Patients had to have undergone treatment with OR or TDR at stable doses within at least 3 months prior to their inclusion in the study, and informed consent was required. Each researcher was asked to include 5 patients treated with OR and 5 others treated with TDR.
The sample size was calculated according to the TRAIN drug delivery method, resulting in a projected total of 3174 patients. Each researcher collected data in a single visit by consulting the patient's medical history and interviewing his/her carer. Researchers recorded sociodemographic data, previous illnesses, and history of treatment with rivastigmine (from starting treatment to study visit: route of administration, dose, adjustments, and changes in the route of administration during dose escalation).
Treatment compliance was evaluated using the Spanish version of the Morisky adherence scale and the primary carers' satisfaction with treatment was analysed using an ad hoc questionnaire similar to the one used in the KAPPA 19 study. The 4 items on the questionnaire addressed the following concepts: (1) ease of delivering treatment, (2) ease of monitoring treatment, (3) how often treatment interfered with the carer's daily life, and (4) overall satisfaction with treatment. Questions 1, 2, and 4 had 4 multiple-choice answers: two favourable responses ('very easy/very satisfied' and 'easy/satisfied'), and two unfavourable responses ('difficult/unsatisfied' and 'very difficult/very unsatisfied'). Questions 3 had 5 multiple-choice answers: 'always', 'most of the time', 'sometimes', 'rarely', and 'never'. The first 3 responses were unfavourable. Responses to items on the carer satisfaction questionnaire were classified as either favourable or unfavourable.
Categorical variables were described using absolute and relative frequencies, while continuous variables were described using the mean, standard deviation, median, and interval (minimum and maximum), including the total number of valid values for each parameter. Subgroups were compared using the Mann-Whitney U test for quantitative variables and the chi-square test for qualitative variables. Statistical analyses were performed using SAS statistical software version 9.1.3 for Windows. Bilateral tests were applied with a significance level of .05.
The protocol was approved by the Clinical Research Ethics Committee at Hospital Universitario Ramón y Cajal, Madrid, Spain.
Results

Description of the sample
Between March and September 2009, 268 researchers included 2708 subjects; of these, 2252 provided data determined to be valid for the statistical analysis. The remaining 456 patients were excluded due to not meeting one or more of the selection criteria, especially the requirement of having been taking stable doses of rivastigmine in the preceding 3 months. Table 1 shows patients' sociodemographic and clinical characteristics; more than half were women, and they were significantly older than the male patients (77.6 ± 6.8 years vs. 76.7 ± 6.9 years; Mann-Whitney U test; P = .0004). Of the patient total, 55.8% were married or lived in domestic partnership and 37.7% were widowed. Almost all subjects lived in multi-person households (95.1%), while 4.9% lived alone. Most of the subjects who did not live alone resided with their families (78.1%); another 11.7% were institutionalised and 5.8% lived with hired carers. A total of 58.5% presented moderate to moderately severe AD and mean time since diagnosis was 1.7 ± 1.8 years.
Mean age for carers was 58.4 ± 15.6 years and most were women (72.9%). Female carers were significantly younger than their male counterparts (55.6 ± 14.8 years vs. 66.0 ± 15.0 years; Mann-Whitney U test; P < .0001). Most carers had completed primary studies (44.0%) or secondary studies (32.9%) and most were related to the patient (84.7%).
Treatment with rivastigmine
Of the patient total, 54.4% of the subjects (n = 1222) first began treatment with OR, whereas 45.6% (n = 1026) were first treated with TDR. The most frequent initial dose of OR (for 88.9% of the patients) was 1.5 mg/12 hours. TDR was most commonly dosed at 4.6 mg/12 hours (for 97.0%). A total of 34.7% of the patients (n = 424) who began treatment with OR changed to TDR and 0.9% (n = 11) resumed OR treatment after having changed to the transdermal route. Only 0.7% of the patients (n = 7) who began treatment with TDR changed the route of administration; 0.5% (n = 5) changed to OR and 0.2% (n = 2) resumed treatment with TDR after a temporary change to OR ( Table 2) . As a result, 36.8% of the patients were treated with OR (n = 827) and 63.2% were treated with TDR (n = 1421) at the time of the study visit. The mean time between starting rivastigmine treatment and the study visit was 2.0 ± 1.7 years for subjects with OR and 0.4 ± 0.3 for subjects with TDR; mean time was significantly higher for subjects treated orally (Mann-Whitney U test; P < .0001).
Doses were adjusted in 96.6% of the patients initially treated with OR (n = 1180) and 79.1% of those treated with TDR (n = 812); the difference between percentages was statistically significant (Mann-Whitney U test; P < .0001; Table 2 ). A total of 712 subjects (58%) treated with OR required 3 or more dose adjustments before reaching the target dose. Only 17 of the subjects treated with TDR (1.7%) needed two or more adjustments in order to reach the target dose. The number of adjustments was significantly higher for subjects treated orally (Mann-Whitney U test; P < .0001; Table 2 ).
At the time of the study visit, 72.4% of the patients (n = 1628) were being treated with the maximum recommended dose according to the route of administration.
Among them, the percentage of subjects treated with the maximum dose was significantly higher for patients treated with TDR (9.5 mg/24 hours) than for patients treated with OR (6 mg/12 hours): 80.8% vs. 57.1%, respectively (Mann-Whitney U test; P < .0001).
The mean time to reach the maximum dose in subjects who did not change delivery methods was significantly higher for OR (205.8 ± 295.3 days) than for TDR (51.6 ± 44.2 days) (Mann-Whitney U test; P < .0001). Where the drug delivery method was changed, the times to reach the maximum dose were longer both in patients initially treated with OR (603.9 ± 541.2 days) and in patients initially treated with TDR (146.0 ± 87.7 days).
Treatment compliance
Of the patient total, 22.1% of the subjects treated with OR and 23.8% of those treated with TDR were able to administer treatment themselves (chi-square test; P = .3468). Using the Morisky adherence questionnaire, we determined that 20.0% of the subjects treated with OR and 10.4% of those treated with TDR forgot to take their medication (chi-square test; P < .0001). Patients who stopped taking medication due to experiencing adverse effects accounted for 36.3% of all patients treated with OR and 24.9% of those treated with TDR (chi-square test; P < .0001). We found no differences between the two groups with regard to patients taking the medication at the indicated times or discontinuing the medication if they felt better. Overall treatment compliance was significantly higher in subjects treated with TDR (60.5%) than in subjects treated with OR (47.2%) (chi-square test; P < .0001; Table 3 )
Regular carer's satisfaction with treatment
The questionnaire on the degree of satisfaction expressed by the patient's regular carer showed that 54.0% of the carers of subjects treated with TDR had no difficulties using the treatment and 36.1% were satisfied. For patients treated with OR, these percentages were 31.6% and 11.6%, respectively. Administering treatment was simpler with the TDR route (67.1% vs. 26.2%), whereas treatment with OR interfered more frequently with carers' daily life (37.0% vs. 11.6%). TDR was assigned a significantly higher level of satisfaction than OR according to all items on the questionnaire (chi-square test; P < .0001; Fig. 1 ).
Discussion
This study analyses treatment management with OR and TDR in subjects with mild to moderately severe AD in normal clinical practice. Sociodemographic and clinical data revealed that the study population had characteristics similar to those of AD patients in other studies: old age, higher prevalence in women, low educational level, presence of concomitant illnesses (especially cardiovascular diseases), and polypharmacy. 1, 19 More than three-quarters of the subjects lived with their families (78.1%), with one family member entrusted with administering treatment. These results coincide with those from other studies, although percentages do vary from one country to another. More patients live with their families in semi-developed rather than developed countries, rural rather than urban areas, northern rather than southern Europe, and in countries offering fewer residences and less assistance for institutional living rather than the contrary. [20] [21] [22] Most carers in this study were women, whether paid professionals or family members. These tendencies are consistent with results gathered by Alzheimer's Disease International in different countries. 22 Ours is one of the first studies to address treatment management of rivastigmine with participation by all 3 of the medical specialties that are authorised to prescribe AD drugs in Spain in normal clinical practice. The purpose of the study is to better understand prescribing behaviours and how they affect patients and their carers. Overall, results seem to show that TDR is more beneficial than OR since it is associated with better scores on most of the treatment management parameters (compliance, optimal dose, time to reach the target dose).
According to its dose-response relationship, rivastigmine becomes more effective as doses increase, especially upon reaching the maximum recommended dose. 9, 11, 23 However, an acceptable balance of both efficacy and tolerability must be achieved. 24 In fact, preliminary data from a very recent study indicate that it may be possible to use higher doses than are currently recommended. 25 In our study, the percentage of subjects treated with the maximum recommended dose was higher for patients with TDR than for those with OR. This dose was also reached in a significantly shorter time period (approximately 5 months). This finding is relevant because early drug treatment for AD is becoming increasingly important. In the IDEAL trial, the percentage of subjects who reached the maximum recommended dose was also higher for the transdermal route of administration. 7, 9 Results from the current study are similar, even though they were extracted from a normal clinical practice setting.
One of this study's important features is its detailed analysis of the administration route and dose management from the time treatment was first prescribed to each patient. Researchers recommend adjusting OR in a 3-step process and adjusting TDR in a single step. It is therefore surprising that nearly half of the subjects treated with OR (41.7%) underwent 1 or no adjustments, probably because dose scaling is more difficult for OR than for TDR. Our study was not designed to record the reasons for adjusting doses, but in any case, adjustments may reflect problems with treatment tolerance or compliance, lack of awareness of the optimal dose, and other care-related problems. Only 20.9% of the patients treated with TDR had no dose adjustments. This may be due to the high frequency of changes from OR to TDR, which at times makes it possible for doctors to choose the optimal dose according to a patients' response and tolerance to the oral dose. The need for fewer adjustments may simplify the follow-up process and reduce the number of visits patients need during the early stages of treatment.
The SCALEX study showed that OR treatment with slow dose adjustment was accompanied by frequent interruptions due to low efficacy, which is the result of using subtherapeutic doses for extended periods of time instead of the How easy is it for you to administer the treatment?
How easy has it been for you to follow the treatment regimen?
How currently recommended dose adjustment process. 26 One of the advantages of TDR is that therapeutic doses can be reached in shorter times than with OR, which is clinically beneficial for the patient.
This study shows that both treatment compliance and carers' satisfaction with the treatment were significantly higher for patients treated with TDR than for those on OR. Borah et al. 27 observed that 42% of a group of patients with AD did not comply with oral treatment and suggested using transdermal delivery to improve treatment compliance. Rivastigmine's poor digestive tolerance, and the difficulty of adjusting OR doses according to clinical trials, are factors that may partially explain why carers are more satisfied with transdermal treatment.
Given that there is no specific method for assessing treatment compliance in AD, this study used the Morisky scale, which is brief, valid, and frequently used with different types of chronically ill patients. 18 Data from the scale show treatment non-compliance among 52.8% of the patients treated with OR; this percentage was significantly lower in patients treated with TDR (39.5%). These differences were mainly due to the fact that subjects treated with OR forgot their doses more frequently and tended to stop taking the medication if it caused adverse effects. This indicates that one of TDR's advantages is that it is administered once daily, which seems to promote better treatment compliance. A 13.3% improvement in treatment compliance can be considered relevant, especially in an area in which compliance is so problematic. 28 Our results coincide with those recently published in a study of Spanish patients with AD. 29 Our study also shows that carers prefer the transdermal route of administration. The IDEAL clinical trial showed that 72% of carers preferred TDR at the end of the study. The most frequently cited reasons were ease of use and dosing simplicity. IDEAL was completed using the Alzheimer's Disease Caregiver Preference Questionnaire (ADCPQ). 30, 31 In contrast, we opted not to use that questionnaire since some of its items assess the efficacy of the two dosage forms, which is not the purpose of the study. Instead, we chose a questionnaire similar to that used in the KAPPA study. 32 It features the same framework as the ADCPQ and addresses carers' satisfaction with treatment. Results from the two studies were comparable.
Our study's weaknesses included, firstly, not having reached the expected sample size of 3174 subjects. However, enough patients were included in the study to analyse the study objectives with a 2.6% margin of error and the same statistical power described by the protocol. The sample size was sufficiently large and the study provides a good model of the AD population given that its characteristics were similar to those described in other international studies. 1, 19 On the other hand, a selection bias could be present since some patients may have been chosen for inclusion even though the study protocol specified recruiting subjects in consecutive order. This limitation is present in many studies carried out in normal clinical practice, in contrast with clinical trials. In addition, doctors may have initially transmitted a more positive impression of the transdermal dosage form than of the oral form, which could have influenced the results for carer satisfaction.
Based on the results of this study, we can conclude that using TDR rather than OR in normal clinical practice allows patients to reach the maximum recommended dose more quickly. In addition, TDR is associated with improved treatment compliance and better carer satisfaction.
Conflict of interests
This study received financial support from Novartis Farmacéutica, S.A. Alfonso J. Cruz Jentoft has participated as a moderator or speaker in educational activities organised by Grunenthal, Janssen-Cilag, Lundbeck, and Novartis, which market products for the treatment of Alzheimer disease. Basilio Hernández is employed full time by Novartis Farmacéutica, S.A., Barcelona (Spain) .
